In this paper, we present results of TeV γ-ray observations of the high synchrotron We also use radio data at 15 GHz from OVRO 40 m telescope in the same period. No significant increase of activity is detected from radio to TeV γ-rays from 1ES1218+304 during the period from
Introduction
Blazars are observed to emit highly variable non-thermal radiation spanning the entire electromagnetic spectrum. The Spectral Energy Distribution (SED) of blazars is assumed to be dominated by emission from a relativistic jet pointing close to our line of sight. The jets in blazars consist of ultra-relativistic particles embedded in a magnetic field, with the entire plasma flowing outward from the central region with relativistic speed. The characteristic SED of blazars shows two broad non-thermal well defined continuum peaks. The first hump peaks somewhere between the infrared (IR) and X-ray bands, whereas the second hump exhibits a maximum at γ-ray energies. The origin of low energy peak is attributed to the synchrotron emission of relativistic electrons in the magnetic field of the jet. In leptonic models [1, 2, 3, 4] , the γ-ray emission in High Energy (HE: E>100 MeV) and Very High Energy (VHE: E>100 GeV) regimes is attributed to the inverse Compton (IC) scattering of low energy photons by the same electron population producing the synchrotron radiation (SSC: Synchrotron Self Compton) or with the possible contribution from external photons (EC: External Compton). In hadronic models [5, 6, 7, 8] , both electrons and protons are accelerated to ultra-relativistic energies, with protons exceeding the threshold for photo-pion production on the soft photon field in the jet. In these models, the HE and VHE γ-ray emissions are dominated by proton synchrotron emission, neutral pion decay photons, synchrotron and Compton emission from secondary decay products of charged pions.
Blazars are broadly classified in two groups namely BL Lacertae objects (BL Lacs) and Flat Spectrum Radio Quasars (FSRQs) [9] . BL Lacs are characterized by the weak or absence of thermal features like broad emission lines in their optical spectra. On the other hand, FSRQs exhibit luminous broad emission lines in their optical spectra. The peak frequency of the synchrotron component in the SED of blazars is usually used to subdivide them in 3-classes: low-synchrotron peaked (LSP: ν peak < 10 14 Hz), intermediate-synchrotron peaked (ISP: 10 14 Hz < ν peak < 10 15 Hz) and high-synchrotron peaked (HSP: ν peak > 10 15 Hz) blazars [10] . BL Lacs are assumed to be good VHE candidates for ground based TeV telescopes because their IC peak is in the TeV regime. To date, BL Lacs observed at VHE energies are predominantly high frequency peaked objects, which have been predicted as possible TeV candidate blazars [11] .
Blazars often show violent flux variability from radio to VHE γ-rays at dif-3 ferent time scales which may or may not be correlated. Therefore, simultaneous multi-wavelength (MWL) observations are important to understand the underlying physics of blazars. Furthermore, VHE observations of blazars at cosmological distances would help in constraining the intensity and spectrum of Extragalactic Background Light (EBL), which is a very important physical quantity to understand the structure and star formation history [12] . Thus, besides their importance for study of emission mechanisms and relativistic jet dynamics, growing interest for blazar study is also motivated by the use of VHE spectra as a probe for EBL [13] . located at a redshift z = 0.182 [14] . The source was discovered as a candidate BL Lac object on the basis of its X-ray emission and was identified as X-ray source 2A 1219+30.5 [15, 16] . Being an X-ray bright source, it was predicted to be a TeV candidate blazar from the position of the synchrotron peak in its SED [11] .
The HEGRA (High Energy Gamma Ray Astronomy) collaboration observed 1ES 1218+304 during 1996-2002 for 3.9 h and reported an upper limit of 12% of Crab nebula flux above 750 GeV [17] . The VHE emission from 1ES 1218+304 was first detected by the MAGIC (Major Atmospheric Gamma ray Imaging Cherenkov) telescope in 2005 above 120 GeV [18] . The differential energy spec- [20] . In 2007, V ERIT AS (Very Energetic Radiation Imaging Telescope Array System) telescope observed VHE emission above 160 GeV from the source at a persistent level of 6% of the Crab Nebula flux [21] . The differential energy spectrum of the source was found to be compatible with a power law of index 3.08±0.34. Using the lower limit EBL from galaxy counts [22, 23] , the intrinsic power law index was found to be 2.32±0. This flaring activity was characterized by a variability time scale of days. The corrected spectrum after accounting for absorption due to EBL suggests a very hard intrinsic source spectrum with index ≤ 1.28±0.28 [25] in VHE regime based on lower limit EBL model [26] .
Fermi-LAT (Large Area Telescope) also detected significant emission from 1ES 1218+304 during its first two years of operation [27] . The Fermi-LAT spectrum of the source is described by a power law with index 1.71±0.07, making it one of the hardest spectrum sources in MeV-GeV range. Due to relatively large redshift of the source, we expect a significant attenuation of TeV photons 5 above 1 TeV due to EBL absorption. This makes the source a good candidate for probing EBL using TeV observations. It is because of these characteristics of the source we were motivated to observe the source with T ACT IC (TeV Atmospheric Cherenkov Telescope with Imaging Camera) in the TeV energy region.
The paper is organized as follows. Section 2 gives a brief description of the T ACT IC telescope and in Section 3 we present details of observation and data analysis. In Section 4 we present the MWL data analysis of the source from radio to HE. In Section 5 we discuss the results and the conclusions are presented in Section 6.
TACTIC Telescope
The T ACT IC γ-ray telescope is located at Mount Abu (1300 m asl, 24.6
• N,
72.7
• E), India [28] . 
5.9
• × 5.9
• field-of-view, to record atmospheric Cherenkov events produced by an incoming cosmic-ray particle or a γ-ray photon. Data used in this work have been collected with inner 225 pixels where the innermost 121 pixels (11 × 11 matrix) are used for generating the event trigger. The trigger scheme is based on a Near- will be presented elsewhere, we present here only a brief summary of the upgrade work. New CPCs with square entry and circular exit aperture were installed on the T ACT IC imaging camera in order to increase its photon collection efficiency.
The collection efficiency of the new CPCs was measured to be about 80% in the wavelength range 400-550 nm. Apart from removing the dead space in between the photomultipliers substantially, the new CPCs has also helped us to improve the gamma/hadron segregation capability of the telescope. In addition, the trigger criteria was also modified by including more nearest neighbor collinear triplet 7 combinations. A dedicated CCD camera was also installed for conducting detailed point run calibrations and data collected were successfully used for determining the position of the source in the image plane with an accuracy better than ± 3 arc min. The point run calibration data (i.e. position of the star image in the camera)
were also incorporated in the analysis software so that appropriate corrections can be applied in an off line manner while calculating source position dependent image parameters. The analysis procedure was improved by using the Asymmetry parameter so that additional hadronic background can be further removed by identifying the "head/tail" feature of Cherenkov images. It is worth mentioning here that the γ-ray images have their head closer to the assumed source position in the imaging camera and thus can be selected preferentially by imposing Asymmetry
The upgrade of the telescope has led to an increase in the prompt coincidence rate from 2.33 Hz to 4.70 Hz close to the zenith. Furthermore, as a result of the upgrade the γ-ray rate from the Crab Nebula has also increased from 9.13 h 
TACTIC Observations and Results
The blazar 1ES 1218+304 was monitored with the T ACT IC from March 1, 2013 to April 15, 2013 (MJD 56352-56397) at zenith angles between 6
• and 45
• .
All the data were collected in tracking mode, during which the telescope continuously monitored the source. This mode of observation maximizes the source 8 observation time and increases the possibility of detecting flaring activity from the source. About 54 h of data were collected during 18 nights of observations as per the details summarized in Table 1 . 
TACTIC Data Analysis
Apart from excluding the observations during bad atmospheric conditions, several standard data quality tests have been applied to the raw data for selecting clean data for further analysis. The data quality checks include the following: compatibility of the prompt coincidence rates with the expected zenith angle behavior, Poission distribution for arrival times of prompt events and steady behavior of chance coincidence rates with time. After applying the above data quality checks the final data sample reduces to ∼ 39.62 h. For gamma/hadron separation we have followed the standard Hillas parameter analysis [30] where each Cherenkov image is characterized by its moments. In this procedure each Cherenkov image is characterized by various image parameters like length (L),
and asymmetry (ASYM).
This technique was later refined to Dynamic Supercuts procedure where S dependent shape parameters of the image as well as its orientation were used for segregating the γ-rays from the background cosmic-rays [31, 32] . The γ-ray selection criteria used in the present work are given in Table 2 . These cuts have been optimized using 25 h of actual observation data on the Crab Nebula during November 2012. When applied to the remaining data on the Crab Nebula, the above cuts yield consistent detection of a γ-ray signal at a sensitivity level of N σ ∼ 1.40 √ T (where T is the observation time in hours). Table 2 : Dynamic Supercuts selection criterion used for analyzing the T ACT IC data.
A well established procedure to extract the γ-ray signal from the cosmic ray background is to plot the frequency distribution of α parameter (defined as the angle between the major axis of the image and the line between the image centroid and camera center) of shape (L,W) and D selected events. This distribution is expected to be flat for the isotropic background of cosmic events. For γ-rays, coming from a point source, the distribution is expected to show a peak at smaller α values. Defining α ≤ 18
• as the γ-ray domain and 27
• as the background region, the number of γ-ray events is then calculated by subtracting the expected number of background events (calculated on the basis of background region) from the γ-ray domain events. The statistical significance of γ-ray like events is calculated using the methodology proposed by Li and Ma [33] .
In order to validate the proper functioning of the telescope and the data analysis methodology, we are collecting data on the Crab Nebula regularly. Although, There is an overlap of 6 nights when both the Crab Nubula and 1ES1218+304
have been observed one after the other. suggests that there is no evidence for a γ-ray signal from the source during the period of our observations. The source is thus possibly in a low state which is below the sensitivity level of the T ACT IC. The upper limit estimation on the integral VHE γ-ray flux from the source is described below.
Upper Limit Calculation for TACTIC
Using the probability density function of the number of excess events we have determined the upper limit on the excess events (N U L ) by using the methodology proposed by Helene [34] and the method involves solving the following equation
where (1-β)× 100% is the confidence level, N exc is number of excess events with σ exc as its standard deviation. The function I(x) is given by
Where erfc(x) is the complementary error function. On solving equation 1 with N exc = 2, σ exc = 56 (refer α-plot shown in Figure 1(b) ) and β=0.01, we get N U L ≈ 146 as 99% confidence level upper limit on the excess events from the source.
Knowing that the γ-ray rate of (14.91±2.82)h −1 corresponds to 1 CU, the resulting 99% limit on the rate of excess events from 1ES1218+304 translates to 
Analysis of multi-wavelength data
The MWL data for 1ES 1218+304 were collected in optical and UV by Swift-UVOT, in X-rays by Swift-XRT, and in HE γ-rays by Fermi-LAT during March 1, 2013 to April 15, 2013 (MJD 56352-56397). The details of observation and data reduction for these instruments are described below.
Fermi-LAT data
The Fermi-LAT is a pair conversion γ-ray telescope sensitive to photon energy in the MeV-GeV regime [36] . The instrument has been designed to measure the directions, energies and arrival times of incident photons in the energy range 20
MeV to > 300 GeV while rejecting the background from cosmic rays. In its nominal scanning mode, it surveys the whole sky every 3 h with a large field we excluded the events observed with zenith angles > 100
• to limit contamination from Earth limb γ-rays, and events detected while the spacecraft rocking angle was > 52
• to avoid time intervals during which the bright limb of the Earth entered the LAT field of view.
The data obtained in this manner were analyzed using the standard Fermi Science-Tools software package (version v9r27p1). We used P7 SOURCE V6 instrument response function with the galactic and isotropic diffuse emission models gal 2yearp7v6 v0.fits and iso p7v6source.txt. All the point sources from Fermi-LAT second source catalog (2FGL) [27] within 20
• of 1ES 1218+304, including the source of interest itself were considered in source model file. Sources within the ROI were fitted with power law models with the normalization and spectral index as free parameters, while those beyond ROI had their model parameters frozen to those as reported in second source catalog [27] . An unbinned likelihood spectral analysis was performed to produce the light curve with the standard analysis tool gtlike implemented in Science-Tools software package. Since the source 1 http://fermi.gsfc.nasa.gov/ssc/data/access 14 is not always detected at high statistical significance, we have produced the five day binned light curve with minimum statistical significance accepted for each time bin as TS ≥ 4, where TS is the test statistic defined as twice the difference of the log(likelihood) with and without the source respectively [37] . The time averaged spectrum of the source was obtained by fitting a power law model with the normalization as free parameter and spectral index set to the value obtained by integrating the data over entire period of observation in the energy range 100
MeV-100 GeV. The details of the source spectrum obtained in the present work from Fermi-LAT observations are described in Section 5.2.
Swift-XRT & UVOT data
During March 1, 2013 to April 15, 2013 (MJD 56352-56397) only six days of observations are available from Swift with XRT (X-Ray Telescope), covering the 0.3-10 keV energy band [38] , and UVOT (UV/Optical Telescope), covering 180-600 nm wavelength range [39] .
Swift-XRT data were reduced following the standard procedure 2 using F T OOLS.
The data were collected in window timing (WT) mode for all the observations.
The task XSELECT (ver V2.4b) within the HEASOFT package (v6.13) with recent calibration files (ver. 20120209) was used to analyse the data. The spectra and light curves of the source were extracted using a circular region with radius of 23 ′′ around the source. The spectra and light curves of nearby background region were extracted within an annulus with inner radius of 24 ′′ and outer radius of 45 ′′ around the source. The corresponding exposure maps and ancillary response files (ARFs) were generated using the tasks XRTEXPOMAP and XRTMKARF for all the observations, respectively. The spectra were binned using GRPPHA to ensure a minimum of 20 counts per bin to perform the χ 2 minimization for fitting the spectrum with model phabs * zpowerlaw and the fluxes were calculated using CFLUX.
The best-fit parameters given in Table 3 were derived for individual observation with a neutral hydrogen column density fixed to its Galactic value 1.99×10 20 cm −2 obtained from NASA/IPAC Extragalactic Database (NED) 3 . The best fit average parameters were also derived using simultaneous fitting of the spectra of six observations.
The source 1ES 1218+304 was observed with Swift-UVOT using all filters (V, B, U, UVW1, UVM2, UVW2) in image mode over six days during T ACT IC observations. The image mode level II data of all the filters were used in the present analysis with latest calibration files of UVOT [40] . The data were processed with the standard procedure 4 using UVOTMAGHIST task of HEASOFT package. The UVOT source counts were extracted from a 5 ′′ sized circular region centered on the source position, while the background was extracted from a nearby larger, source free, circular region of 10 ′′ radius. The observed magnitudes were converted into fluxes using conversion factors given in [41] . The observed magnitudes obtained in six filters during the period from March 1, 2013 to April 15, 2013 are reported in Table 4 . 
OVRO data
The OV RO (Owens Valley Radio Observatory) is a fast cadence 15 GHz radio telescope with diameter of 40 m [42] . The telescope is a f/0.4 type parabolic reflector on an alt-azm mounting system and is equipped with dual beamed off axis optics and a cooled receiver installed at prime focus. The source 1ES 1218+304 was observed at 15 GHz using OV RO telescope 5 for six days during T ACT IC observations as part of Fermi MWL blazar monitoring program and data of these observations are used in the present work.
Results and Discussion

Light curve analysis
The MWL light curve of 1ES 1218+304 observed by various instruments dur- It is important to mention here that the source has been categorized as highly variable on monthly time scale in the second Fermi catalog [27] and thus some enhanced activity may be quite consistent with its past behavior.
Nearly simultaneous X-ray light curve observed by Swift-XRT for six days of monitoring of the source is depicted in Figure 2(c) . From the figure, we observe that the soft X-ray emission from the source is consistent with the average flux level (5.01±0.34)×10 −11 erg cm −2 s −1 , except for some enhanced activity on 
Spectral Analysis
The spectral energy distribution of 1ES1218+304 during March 1, 2013 to April 15, 2013 using broad band data discussed above is shown in Figure 3 . For VHE γ-rays we plot the data from the observations with MAGIC and V ERIT AS The broadband data points presented in Figure 3 indicate that the SED of the source can be described by two humps: first one peaking at X-ray energies and second at GeV energies. This implies that the MWL emission from 1ES 1218+304
can be possibly compared with the predictions of SSC model for blazar emission, but detailed SED modeling of the source is beyond the scope of this work. [48] . They emphasize that the leptonic model is very successful in explaining multi-band emissions from the source and also point out that the VHE γ-ray data from the MAGIC and V ERIT AS telescopes can be fitted with the strict lower-limit EBL model.
Using the Swift, MAGIC and V ERIT AS telescopes data the SED of the source has been modeled in [49] by employing a time-dependent SSC code for obtaining the physical parameters of the emission region. The short-time variability of the source has also been studied by Weidinger & Spanier (2010) [50] for reproducing the light curve observed by V ERIT AS telescope. They suggest that the light curve can be reproduced by assuming a changing level of electron injection 9 http://www.astro.caltech.edu/ovroblazars/data/data.php 22 compared to the constant state.
Conclusions
Our γ-ray observations of 1ES 1218+304 (z=0.182) with the T ACT IC from [43] . Fermi-LAT spectrum measured during March-April 2013 is shown as butterfly (filled curve) and same has been extrapolated in the T ACT IC energy range 0.87-10 TeV (dotted lines). Swift-XRT points are time averaged fluxes for six days of observations. Swift-UVOT points correspond to time averaged fluxes measured in all filters (V,B,U,W1,M2,W2). The time averaged radio flux at 15 GHz is taken from the OVRO observations.
